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 October,2013:	
  Longitudinal	
  
merge	
  using	
  ideal	
  rf	
  field	
  
finished.	
  	
  

 December,	
  2013:	
  Matching	
  
channel	
  optimized.	
  

 March,	
  2014:	
  Trombone	
  
designed,	
  EmitT	
  conserved.	
  

 May,	
  2014:	
  Funnel	
  simulated.	
  
 August,	
  2014:	
  New	
  
trombones	
  with	
  RF	
  cavities.	
  

 	
  Dec,	
  2014:	
  End	
  to	
  end	
   May, 2014	
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 The	
  rf	
  fields	
  are	
  simulated	
  by	
  analytic	
  expressions.	
  
The	
  harmonics	
  are	
  superpose	
  on	
  each	
  other	
  and	
  the	
  
total	
  field	
  is:	
  

	
  	
  
Where	
  avegrad_i, freq_i	
  and	
  phase_i	
  are	
  given	
  in	
  the	
  
table	
  (only	
  one	
  cavity	
  parameters	
  are	
  shown):	
  

Ez = Gradi sin(2π tfi − 2π fiz / vref +ϕi )
i
∑
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 92%	
  transmission	
  	
  
 	
  SigmaP	
  =	
  8.9	
  MeV/c	
  	
  	
  	
  	
   
(input	
  7.51	
  MeV/c)	
  

 	
  Sigma_ct	
  =	
  134	
   mm	
  
(input	
  24.7	
  mm)	
  

 	
  SigmaX=SigmaY=26	
  mm	
  
(input	
  21	
  mm)	
  

 	
  SigmaX’=SigmaY’=0.03	
  
(input	
  0.03)	
  

 EmitT=1.6	
  mm	
  
 EmitL=8.5	
  mm	
  



 Kicker & Matching:	
  kicks	
  the	
  beam	
  to	
  the	
  trombones.	
  	
  
 Trombones:	
  lead	
  the	
  bunches	
  to	
  different	
  paths.	
  
 	
  Funnel:	
  collect	
  the	
  bunches	
  at	
  the	
  same	
  time.	
  	
  

Transverse	
  Merge	
  



 Matching	
  the	
  beam	
  from	
  longitudinal	
  merge	
  to	
  the	
  
trombones.	
  

 Optimized	
  by	
  propagating	
  the	
  Courant-­‐Snyder	
  
parameters.	
  

6	
  

Matching	
  channel	
  (w/o	
  kicker)	
  



7	
  

Kicker	
  

 Periodic	
  magnetic	
  fields	
  in	
  both	
  x	
  and	
  y	
  directions	
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  bunches	
  to	
  6(7)	
  different	
  Trombones	
  with	
  different	
  
lengths	
  to	
  bring	
  them	
  to	
  the	
  Funnel	
  at	
  the	
  same	
  time.	
  

 Kicker	
  field	
  =	
  220	
  Gauss,	
  length	
  =	
  3	
  m,	
  angle	
  =	
  5	
  degree	
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  out	
  drift:	
  17	
  m	
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  outside	
  bent	
  
solenoids.	
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  arms	
  to	
  matching	
  
the	
  7	
  beams.	
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  L=2.2m	
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  field	
  B=0.36T	
  

8	
  

Trombone	
  (Original	
  design)	
  

Side	
  view	
  

Top	
  view	
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Results	
  

•  Transverse	
  emittance	
  (EmitT)	
  :	
  
1.78mm	
  

•  Transmission:	
  81% 	
  	
  
•  Ellipse	
  beam	
  shape,	
  off	
  axis	
  -­‐>	
  Can’t	
  

fit	
  into	
  later	
  funnel.	
  
•  Large	
  bending	
  radius	
  can	
  solve	
  the	
  

problem.	
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Take	
  out	
  straight	
  arms	
  

•  Use	
  the	
  same	
  large	
  bending	
  radius,	
  but	
  different	
  angles	
  for	
  the	
  trombones	
  
•  Separation	
  of	
  the	
  first	
  and	
  last	
  bunch	
  is	
  6*2464mm	
  
•  The	
  longest	
  trombone	
  with	
  four	
  90	
  degree	
  bending	
  separating	
  the	
  first	
  

and	
  last	
  bunch	
  has	
  a	
  radius	
  R=6476.8mm	
  
•  Other	
  trombones	
  with	
  bending	
  angle	
  Theta	
  has	
  the	
  same	
  radius	
  R,	
  and	
  :	
  

	
  4*Theta*R	
  -­‐	
  4*R*sin(Theta)	
  =	
  N*2464mm	
  
	
  
Plot	
  above	
  is	
  N=1	
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Results	
  

•  EmitT	
  :	
  1.6	
  mm	
  
•  Transmission:	
  83% 	
  	
  
•  Beam	
  profile	
  is	
  round,	
  and	
  centered.	
  
•  Shown	
  above	
  N=1,	
  others	
  are	
  the	
  

same	
  



 RF	
  cavity	
  f=108	
  MHz	
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  2m	
  

 Cavity	
  reduces	
  the	
  longitudinal	
  
size, also	
  cuts	
  some	
  muons	
  out	
  

 Longitudinal	
  emittance	
  stable	
  at	
  
9.5	
  mm	
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RF	
  cavity	
  and	
  EmitL	
  



 Geometry	
  the	
  same	
  as	
  
old	
  funnel,	
  only	
  slight	
  
changes	
  to	
  fit	
  the	
  new	
  
bunches	
  

 Transmission	
  92%	
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Funnel	
  



 EmitT	
  =	
  6.6	
  mm	
  
 EmitL	
  =	
  10.5	
  mm	
  
 Beam	
  time	
  distribution	
  SigmaT=0.9	
  ns	
  
 Total	
  length:	
  120	
  m	
  
 Total	
  transmission	
  =	
  86.6%	
  (5	
  sigma,	
  no	
  decay)	
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Final	
  output	
  



 The	
  end	
  to	
  end	
  simulation	
  of	
  the	
  bunch	
  merge	
  is	
  
done	
  

 The	
  output	
  emittance	
  can	
  reach	
  the	
  requirements	
  of	
  
later	
  cooling.	
  

 Longitudinal	
  merge	
  with	
  pillbox	
  cavities	
  
 Matching	
  to	
  the	
  cooling	
  channels,	
  both	
  pre-­‐merge	
  
and	
  post-­‐merge.	
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